Objectives. The aim of this study was to investigate the possible association between dental erosion and caries, and variables including socio-economic status, reported dietary practices and oral hygiene behaviour, in a sample of children in Jeddah, Saudi Arabia. A cross-sectional study including dental examination and questionnaire survey was carried out at a number of kindergartens. Sample and methods. A sample of 987 children (2-5-year-olds) was drawn from 17 kindergartens. Clinical examinations were carried out under standardized conditions by a trained and calibrated examiner (MAM). Information regarding diet and socio-economic factors was drawn from questionnaires distributed to the parents through the schools. These were completed before the dental examination. Results. Of the 987 children, 309 (31%) showed signs of erosion. Caries were diagnosed in 720 (73%) of the children and rampant caries in 336 (34%). Vitamin C supplements, frequent consumption of carbonated drinks and the drinking of fruit syrup from a feeding bottle at bed-or nap-time when the child was a baby, were all related to erosion. Consumption of carbonated drinks and fruit syrups was also related to caries but they were part of a larger number of significant factors including socio-demographic measures and oral hygiene practices. Conclusions. There was no clear relationship between erosion and social class, or between erosion and oral hygiene practices; the reverse was true for caries. Dietary factors relating to both erosion and caries and/or rampant caries were found in this sample of children.
Introduction
Dental erosion and dental caries both arise from acid attack on dental enamel. Caries result from acid produced by bacteria being held against the tooth surface; this results in localized lesions [1] . The disease demonstrates a characteristic pattern of attack in the dentition, having a predilection for sites of plaque accumulation. In contrast, erosive lesions are caused by acid repeatedly 'washing' the enamel surface; they are often shallow and most often affect teeth and sites that are consistently free of plaque [1, 2] .
Erosion has been regarded as multifactorial in aetiology, as have caries. Both intrinsic and extrinsic sources of acid are able to contribute to erosion. The process may be affected by a number of determinants, including life-style, which affects the frequency of acid consumption, and oral hygiene practices, which may promote the removal of weakened, demineralized enamel [3] .
Previous studies have linked a wide variety of foods and drinks to erosion in children and adults [4] [5] [6] [7] . The majority of these were either experimental investigations or case-studies confined to one or a small number of reported cases. There appears to be less widely-based epidemiological evidence that clearly links specific foods and/or drinks to erosion. In one study where this was considered, the National Diet and Nutrition Survey carried out in the UK in 1995 in children aged 1·5-4·5 years, evidence failed to show a significant link between erosion and dietary behaviour [8] .
Some foods and drinks contain both potentially erosive acids and cariogenic sugars, theoretically promoting both types of tooth tissue loss [3, 9, 10] . To date, however, no common dietary risk factors have been demonstrated. One reason for this may be that erosion has been mostly studied in populations where the prevalence of caries is low and where the relationship may be more difficult to demonstrate in consequence.
The aim of this study was to investigate the relationships between socio-economic status, dietary habits, oral hygiene behaviour and erosion and caries recorded at a dental examination. The study was carried out in Jeddah, Saudi Arabia, where caries levels in children are high. Traditional dietary practices continue in the country but foods and drinks more typical of western diets are now widely available.
Methods
A sample of children was drawn from 2-5-year-olds attending kindergarten schools in the city of Jeddah. Approval for the study was obtained from the Ministry of Higher Education and the President General for Girls' Education office in Saudi Arabia. Permission was given to visit schools, collect information and to carry out clinical examinations of the children. A pilot study involving 30 children from two schools was carried out prior to the start of the main survey.
To derive the sample, kindergarten schools in Jeddah were stratified by funding source (private or public) and by the area of the city. Of the 152 schools, 20 were public schools (attended by 2621 children) and 132 were private schools (11 317 children). A random sample was selected from public and private schools in each of the four geographical areas of the city. This allowed for less than 100% consent and the achievement of a sample of approximately 400 children from public schools (100 from each area of the city) and 600 children from private schools (150 from each area). These numbers were designed to ensure the sample represented all areas of the city and to allow an estimation of the effect of school type attended in addition to other variables studied.
All children in the 17 selected schools (six public and 11 private) were eligible to take part. Letters were sent to the parents explaining the nature and purpose of the study and to seek consent. They were also asked to complete a short questionnaire. Forms were sent to the parents of 1554 children and 1063 (68%) forms were returned. Thirty-three children were absent at all school visits and 43 were unable to co-operate sufficiently in order to take part. The results therefore relate to 987 children for whom a questionnaire had been completed and who had been dentally examined.
Clinical examination
Clinical examinations were carried out for erosion of maxillary incisor teeth and for caries and rampant caries by a single calibrated examiner (MAM). Examination for erosion was confined to primary maxillary incisors and used the scoring system tested previously [11] . All teeth and surfaces were examined for caries using BASCD criteria and scoring systems [12] . Rampant caries was defined as occurring when caries affected smooth surfaces of two or more maxillary incisor teeth [13, 14] .
Questionnaire
The questionnaire was designed to collect general information on each child's age and gender, any chronic illness and medication taken by the child, as well as socio-economic background questions including parental occupation and education. The classification of occupation used was based on that used in a previous oral health survey in Saudi Arabia. This was as follows: higher professionals (professors, doctors, architects and businessmen); professionals (managers and teachers); middle class (governmental, private and self-employed and skilled workers); and unskilled and other occupations (military personnel, trade, students, the unemployed and those not indicating any occupation). Dietary information sought included: infant feeding practices; past and current intake of drinks including fruit juices, diluted fruit syrups, herbal drinks and carbonated drinks; current frequency of intake of selected foods, particularly fruit; and past and current use of sweetened comforters.
Questions relating to the age at which the child's teeth were first brushed; frequency of brushing; and whether brushing was carried out with or without assistance were also included. The questionnaire was composed in English before translation into Arabic; it was tested in a pilot study and minor adjustments were made.
Data analysis
All data were entered onto a computer using SPSS. Both descriptive and analytical approaches were used in the data analysis. Tests of the association between erosion or caries and other factors were carried out using a χ 2 (chi-squared) test. Statistical significance was established at the 5% level. A nonparametric test (Mann-Whitney U -test) was used to compare mean dmft and dmfs values. Multivariate analysis was carried out using logistic regression analysis for the outcomes of erosion, caries and rampant caries.
Results
At examination, 309 of the 987 children (31%) showed evidence of erosion on their maxillary incisor teeth. Caries were seen in 720 (73%) and rampant caries was diagnosed in 336 children (34%).
Social factors
Erosion and social factors The social class of each child was measured in terms of the father's occupation, the mother's education and the type of school attended. Sixty (28%) of the 211 children whose fathers were from higher professions had erosion, as had 45 (36%) of those whose fathers held other professional occupations. One hundred and forty-nine (32%) of those from the middle class and 54 (28%) of those whose fathers held unskilled or other occupations also showed erosion.
In relation to the mother's education, erosion was seen in 31% of those whose mothers had been educated to college level or beyond and 33% of those educated to secondary and high-school level. Erosion appeared least prevalent (27%) among children whose mother's education was limited to primary level or who had no education, but numbers in this group were very small (only 11 children).
Prevalence of erosion in relation to school type suggested that there was little difference in prevalence between the two school types. Two hundred and three (32%) of the children in private schools were affected compared with 106 (31%) of those attending public schools. Age distribution differed in the two types of schools, equivalent age-adjusted estimates were 32% and 33% for private and public types respectively. None of the differences seen in relation to social factors proved statistically significant using single-variate analysis. (Table 1) Caries and social factors The lowest prevalence of caries was seen in children from higher professional families. Prevalence in children from other social classes was little different. A similar pattern was seen in relation to rampant caries, with fewer children from higher professional families showing any evidence. Differences in relation to social class were statistically significant for caries but not for rampant caries when tested using singlevariate analysis. χ 2 for difference between father's occupation and prevalence of caries = 8·38, P < 0·05. χ 2 for diference between level of mother's education and prevalence of caries = 12·89, P < 0·01. χ 2 for difference between level of mother's education and prevalence of rampant caries = 17·20, P < 0·001.
Relationships between caries, rampant caries and the mother's education appeared stronger than those based on the father's occupation. The lowest levels of disease were seen in the children of mothers educated to college level or beyond with trends being consistent in showing lower prevalence of caries and rampant caries with progressively higher levels of educational achievement (Table 1) .
In relation to school type, slightly fewer (71%) children from private schools than from public schools (77%) had some caries experience. The difference between them, 6%, was just statistically significant. One hundred and ninety-nine children (31%) from private schools and 137 (40%) from public schools had rampant caries. The difference of 9% in rampant caries between schools was also significant. There was also a difference between school types in dmft and dmfs (1·11 in dmft and 2·96 in dmfs) with lower values for children in private schools. Differences in dmft and dmfs were confirmed as statistically significant ( P = 0·002 and P = 0·009).
Dietary practices
The prevalence of erosion, caries and rampant caries are shown in relation to information regarding diet drawn from the study, are shown in Table 2 .
There was little difference in prevalence of erosion in relation to feeding practices, but both caries and rampant caries were least prevalent amongst children who had been wholly bottle-fed (65% were affected by caries and 27% by rampant caries) and highest in those who had been wholly breast-fed (77% had caries and 40% had rampant caries) ( P < 0·05; P = 0·01). There were some evident differences relating to drinks and foods. The prevalence of erosion amongst children who had been given fruit syrup in a feeding bottle was 45% compared to 31% amongst those who had not had such drinks. Among those who had herbal drinks only 29% had erosion (compared to 35% amongst those who did not). Similar prevalences of caries and rampant caries were seen in relation to consumption of other drinks. Only fruit syrup given in a bottle at bedtime during babyhood showed a significant relationship to erosion. The prevalence of rampant caries was higher (45%) in children having fruit juice (of the type in cartons) ( P < 0·05) at this time of day when they were babies. Amongst drinks given at bedtime at the time of the survey, the highest prevalence of erosion was seen when fruit-syrup drinks were given ( P < 0·05). In relation to caries, prevalence was significantly increased but similar when any of these types of drinks were given at bedtime ( Table 2) .
The highest prevalence of rampant caries was seen in children who consumed carbonated (fizzy) drinks at bedtime (46%, P < 0·05). It was also increased in those who had packed fruit juice (44%, P < 0·05).
Differences in prevalence of erosion in relation to the reported frequency of fizzy drink consumption were also especially significant. One hundred and thirty-eight of the children (28%) having fizzy drinks once or twice a week, or less, showed evidence of erosion compared to 145 (37%) of those who had fizzy drinks at least once a day, or more often. Differences in fizzy drinks and fruit syrups were also apparent in relation to caries; of children having fizzy drinks once or twice per week or less, 69% had evidence of caries and 28% had rampant caries. Among those having fizzy drinks at least daily, 76% had evidence of caries and 40% had rampant caries ( P < 0·05; P < 0·001). Children who drank diluted fruit syrup once or twice per week or less, also had less evidence of erosion (30%) than children who had these once or more per day (38%). These children also showed less evidence of caries (70%) compared to children who had them more often (82%) ( P < 0·01).
There appeared to be little difference in the prevalence of erosion, caries or rampant caries and the way the drink was consumed. There also appeared to be little difference in prevalence of erosion in relation to specific fruits or foods. Caries were related to consumption of dates, being highest (79%) among those who ate dates once daily or more often, than among those eating them less often or who ate other fruits ( P < 0·001). The prevalence of rampant caries was also higher among these children (38%) ( P < 0·01). Vitamin C supplements were related to erosion. Just under half (28 of 54) of the children having regular vitamin C supplements had erosion and half of these (14) had erosion of the severe form extending into dentine and/or the pulp ( P < 0·001). Erosion appeared to be unaffected by the use of a dummy dipped in honey or sugar but this habit was strongly related to caries; of the children who had been given one, 88% had caries and 58% had rampant caries.
Oral hygiene practices
Little difference was seen in prevalence of erosion in relation to brushing frequency, when brushing was begun or whether the child brushed with assistance, but some consistent differences could be seen in relation to caries. Amongst those who brushed daily, 71% had caries and 32% had rampant caries. These values were compared to 82% of those whose teeth were brushed occasionally who had caries and 40% who had rampant caries. A higher prevalence of caries (76%) and rampant caries (36%) was seen when the brushing habit started later compared to when it was started earlier (65% and 27% respectively). Higher caries levels were also seen when the child brushed alone without assistance (77% compared to 70%).
Multivariate analysis
Multivariate analysis was carried out using a stepwise multiple logistic regression to determine the factors that were independently related to the aetiology of erosion when others were held constant. All variables were included at the start and those failing to show a significant relationship to erosion were subsequently removed in a stepwise fashion. The final model summarized in Table 3 shows that factors remaining statistically significant were: use of vitamin C supplements (OR = 2·6), the consumption of fruit syrup at bed/nap time when the child was a baby (odds ratio (OR) = 2·3) and frequent use of fizzy drinks at the time of the study (1-2 or more per day compared to 1-2/week) (OR = 1·4). Confidence intervals showed that in the case of vitamin C and bedtime fruit syrup, the OR in the population may have been as high as 4·6 and for fizzy drinks as high as 1·8. The presence of caries did not relate to erosion in the first analysis but the procedure was repeated for the outcome of erosion, excluding children with rampant caries, Table 4 summarizes the findings. In this case, caries proved to be a significant risk factor. In these circumstances the odds of having some erosion in children with caries excluding rampant caries was 1·5 and confidence intervals suggested the risk may have been as great as 2·1. Risk factors seen in the analysis for all children again emerged as significant when those with rampant caries were excluded.
Multivariate analysis was carried out using the same method to determine the strongest factors related to the outcomes of caries and rampant caries (Tables 5 and 6 ). More factors related to caries than erosion. The final model showed that factors most clearly related to caries were: using a dummy dipped in honey or a sugary syrup (OR = 3·1); the consumption of diluted fruit syrup when the child was a baby (OR = 3·1); the frequency of use of diluted fruit syrup drinks at the current time (OR = 2·0); school type (OR = 1·9); the age at which the child started to brush his/her teeth (OR = 1·7); the consumption of pure fruit juices at the time of the survey (OR = 1·7); the mother's educational level (OR = 1·6); whether the child brushed his/her teeth with help or without (OR = 1·5); and the age of the child (OR = 1·5).
The final model related to the aetiology of rampant caries showed the importance of using a dummy dipped in sugary syrup (4·2), the use of vitamin C (OR = 2·2); school type (OR = 2·0); mother's education (OR = 1·7); frequent of use of fizzy drinks at current time (OR = 1·6); the time the child started to brush their teeth (OR = 1·5); feeding type (OR = 1·5); and the age of the child (OR = 1·3).
Discussion
The aim of the study was to investigate the possible association between the prevalence of erosion and caries, and socio-economic, dietary and oral hygiene factors in 2-5 years-old preschool children in Jeddah, Saudi Arabia.
The sampling procedure used was designed to provide a group that was representative of children in the city but would also allow consideration of the effects of school type. The difference in proportion consenting, with fewer of the children in publicly funded schools returning their forms, suggests an element of bias. Nevertheless, the group included children from a spectrum of social classes. The importance of including school type as a variable was demonstrated when it emerged as having a significant independent relationship to caries and rampant caries. At least three previous studies have suggested that erosion is related to social class [15] [16] [17] . In contrast, no relationship was seen in a fourth large study [8] and none was seen in the present investigation. Indicators of social class included school type, father's occupation and mother's educational level. In none did relationships with erosion reach significant levels in either single or multivariate analysis.
In contrast to findings for erosion, caries and rampant caries were found to relate consistently to social variables. Caries has been related to social factors in many studies, with levels of disease most often being higher amongst children in the lowest socio-economic classes [8, 18, 19] . The same trend has been reported in Saudi Arabia [20] and was also apparent here. Thus, caries were more prevalent and dmft and dmfs were higher in children from lower social classes, those whose mothers had been less highly educated and those who attended publicly funded schools.
The questionnaires covered a number of dietary items reported to be related to erosion and/or to caries. Analysis included not only single but also multivariate analysis, allowing for the fact that determinants are unlikely to have had wholly independent effects. 1 Use of sweetened dummy: 1, not using sweetened dummy; 2, using sweetened dummy. 2 Dilute fruit syrup as a baby: 1, not having diluted fruit syrup as a baby; 2, having diluted fruit syrup as a baby. 3 Frequency of fruit syrup at the time of the study: 1, once or twice/week; 2, once a day or more. 4 School type: 1, private; 2, public. 5 Start brushing: 1, 0-1 years; 2, 1-2 years. 6 Currently use of pure juice drink at bed-time: 1, not having pure fruit juice at bed time; 2, having pure juice at bed-time. 7 Mothers educational level: 1, college and beyond; 2 others. 8 Brushing with help: 1, with help; 2, without help. 9 Age: 1, 3-years-old; 2, 4-years-old; 3, 5-years-old.
Three dietary factors emerged as significant in relation to erosion. These were use of vitamin C supplements, frequency of use of fizzy drinks at the time of the study, and consumption of fruit syrup from a feeding bottle at bed/nap time when the child was a baby. For all three, relationships to caries and/or rampant caries were also apparent. The results appear to be in contrast to findings in the survey of 1·5-4·5-year-olds in the UK, where no statistically significant relationship was seen between erosion and dietary behaviour, but closer examination of UK data provides some evidence of similar trends. For example, of the 3·5-4·5-year-olds who drank carbonated drinks most days, 22% had erosion, compared to only 8% amongst children who had this type of drink less [8] .
Children who were given vitamin C supplements may have up to 4·7 times the risk of erosion and may also be at a potentially higher risk of having rampant caries. If these associations are real, it might be speculated that ascorbic acid not only affects enamel directly but also indirectly potentiates or contributes to the process of rampant caries. The number of children given vitamin C supplements was small, only 54 children, so some caution is needed in considering these apparent associations.
The role of carbonated drinks in the aetiology of erosion is well known [4, 6, 7] . These drinks have a high sugar content and are also potentially cariogenic [9] . In the current study, the frequency of giving carbonated drinks was a risk factor common to both erosion and rampant caries.
Drinks given at night or at naptime may carry particular erosive potential and the consumption of diluted fruit-syrup drinks from a feeding bottle at bedtime during babyhood was related to erosion. Other relationships were seen to be consistent with this finding. For example, the use of fruit-syrup drinks at bedtime and frequency of use at the time of the study were both significantly related to erosion in single-variate analysis.
Diluted fruit syrup drinks also emerged as important in relation to caries, where both the use of these drinks in a bottle during babyhood and the frequency of use at the time of the survey emerged as significant in multivariate analysis. Diluted fruit syrups given during babyhood represented up to nine times the risk for caries in the population from which the children were drawn.
Results of the questionnaire therefore provided evidence to support the role of dietary factors common to both erosion and caries but not all relationships were consistent. One obvious example lies in the fact that there was little clear evidence to link diluted fruit syrups given in a feeding bottle to rampant caries. This was unexpected as drinks of this type, given at night or naptime, have been associated with the disease [14] . It may be that other aetiological agents have assumed greater importance in the sample of children from Jeddah, overwhelming the effect of drinks. In the study, dummies dipped in syrup, sugar or other sweet agents, which had been given to 215 of the 987 children and which have been clearly related to caries in the past [21] , proved to be the strongest determinant of disease to emerge for both caries and rampant caries.
None of the three aspects of oral hygiene habits considered in the questionnaire proved to be related to the prevalence of erosion in this sample of children but two out of three were related to caries. Children for whom tooth brushing began after 1 year of age proved to be at significantly higher risk of both caries and rampant caries, and children who had no help in brushing were also at higher risk of caries.
The study highlighted the role of feeding methods used in infancy but the relationship between caries and feeding method seen was the reverse of that reported elsewhere. Children who were wholly breast-fed had more rampant caries (and a higher caries prevalence) than did those who had been wholly or partly bottle-fed. Rampant caries was also more common in children breast-fed beyond the age of 1 year. These apparent relationships may well have been confounded by social class as breast-feeding (and more prolonged breast-feeding) was more common for children in lower social classes. Children in these classes may have been more likely to have been given sweetened dummies and less likely to have had their teeth brushed at an early age.
Fruit juices were given at bedtime to 144 of the children and dates were eaten at least once a day by 426 of the group. The former was seen as a risk factor for caries in multivariate analysis and the latter was seen to relate to both caries and rampant caries in single-variate analysis. Fruit juices contain high levels of non-milk extrinsic sugars but there has been little clear evidence of their relationship to caries in past studies and this finding may simply be a chance result. The same is true of the consumption of dates. No previous clinical studies appear to have investigated the relationship between dates and caries, but dates contain approximately 80% carbohydrates, most of which take the form of sugars that are readily fermented by the oral flora. Their acidogenic potential has proved to be similar to glucose and sucrose in at least one in vitro study [22] .
It may be concluded that this study provides evidence of associations that may be important in the aetiology of both erosion and caries. There was no clear relationship between erosion and social class but the reverse was true for caries. The dietary factors identified as being related to erosion may also have contributed to caries and/or rampant caries in this group of children. The importance of dietary factors in caries in children in Saudi Arabia has been stressed in the past [23, 24] . Findings here would lend emphasis to this concept.
Resumen. Objetivos. El objetivo de este estudio fue investigar la posible asociación entre erosión, caries y variables que incluyen estado socio-económico, información sobre la dieta y comportamiento de higiene bucal en una muestra de niños en Jeddah, Arabia Saudí. Diseño. Estudio transversal que incluye el examen dental y un cuestionario. Lugar. Guarderías en Jeddah, Arabia Saudi. Muestra y métodos. A partir de 17 guarderías se escogió una muestra de 987 niños (2-5 años). Los exámenes clínicos se llevaron a cabo bajo condiciones estandarizadas por un examinador calibrado y entrenado. La información sobre la dieta y los factores socio-económicos se realizó mediante cuestionarios distribuidos a los padres a través de las escuelas. Los cuales fueron completados antes del examen dental. Resultados. De los 987 niños, 309 (31%) tenían erosión. La caries se diagnosticó en 720 (73%) de los niños y la caries rampante en 336 (34%). Los suplementos de vitamina C, la ingesta frecuente de bebidas carbonatadas y el consumo de zumos de fruta mediante biberón durante la noche o en la siesta cuando el niño era un bebé, se relacionaron con la erosión. El uso de estas bebidas también se relacionó con caries formaban parte de un mayor número de factores significativos incluyendo medidas sociodemográficas y prácticas de higiene oral. Conclusiones. No hubo una relación clara entre erosión y clase social o entre erosión y prácticas de higiene oral, lo contrario fue cierto para la caries. En esta muestra de niños se encontraron factores dietéticos relacionados tanto a la erosión como a la caries y/o caries rampante.
